Multiple saxitoxin-binding sites in bullfrog muscle: tetrodotoxin-sensitive sodium channels and tetrodotoxin-insensitive sites of unknown function.
The possible presence of multiple sodium channel subtypes in bullfrog skeletal muscle was investigated in binding experiments with [3H]saxitoxin and in single-channel studies using planar lipid bilayers. Two classes of [3H]saxitoxin-binding sites were identified in membrane preparations. One class displayed a toxin specificity characteristic of voltage-dependent sodium channels: high affinity for saxitoxin (KD approximately equal to 0.5 nM), neosaxitoxin (KD approximately equal to 0.1 nM), and tetrodotoxin (KD approximately equal to 1.3 nM). A second class of membrane-associated binding sites exhibited high affinity for saxitoxin (KD approximately equal to 0.1 nM), lower affinity for neosaxitoxin (KD approximately equal to 25 nM), and complete insensitivity to tetrodotoxin at concentrations up to 32 microM. The first class corresponded to functional tetrodotoxin-sensitive sodium channels that could be incorporated and observed in planar bilayers in the presence of batrachotoxin. Similar attempts to incorporate tetrodotoxin-insensitive sodium channels from bullfrog muscle and heart membranes were unsuccessful. The unusual, tetrodotoxin-insensitive binding activity for [3H]saxitoxin was also found at nM levels in the high speed supernatant of homogenized skeletal muscle without the addition of detergents. This soluble class of sites exhibited low affinity for neosaxitoxin (KD approximately equal to 60 nM) and a very slow dissociation rate of [3H]saxitoxin (t0.5 approximately equal to 90 min), properties nearly identical to those of the tetrodotoxin-insensitive sites in membranes. The soluble saxitoxin-binding activity is also characterized by a more basic pH dependence and a complete lack of binding competition between saxitoxin and alkali cations. Bullfrog muscle appears to be a good tissue source for the purification of this soluble saxitoxin-binding protein.